Animal production in the United States is valued at over $98.8 billion and has consolidated significantly over the past twenty years, with a larger number of animals being produced on an increasingly smaller land area. Manure generated from these industries is estimated to exceed 335 million tons of dry matter per year. Recycling manure-derived nutrients to crops not only reduces the need for commercial fertilizers, but can improve soil physical properties. However, over-application or mismanagement of manure can degrade surface and groundwater quality with excess nutrients. Long-term manure application to agricultural land leads to soil P accumulation and an acceleration of P transfer in runoff to water bodies. This can contribute to eutrophication in freshwater ecosystems, and there are numerous examples of water quality impairment associated with P pollution from animal operations. The environmental fate of P in manures is determined partly by its chemical composition, yet few studies have examined the P composition of manures and its effect on P reactivity in soils.
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Animal manures contain significant amounts of P (6.7-29.1 g P kg -1 dry wt for several species of animals; Barnett, 1994) . This is composed of inorganic and organic fractions, the latter varying from 10 to 80% of the total and decreasing as the manure ages (Peperzak et al., 1959) . The large range in organic P content is a function of diet and animal physiology. Barnett (1994) published the most recent comprehensive research on organic P compounds in animal manures using traditional sequential fractionation techniques. In his study, organic P was fractionated from a variety of manures into phospholipids, nucleic acids, acid soluble organic P, inorganic P, and residual P. Inorganic P was found to constitute a very important proportion of total P, followed in descending order of magnitude by residual, acid soluble organic P, and small amounts of phospholipids. More recently, manure P speciation with solution 31 P nuclear magnetic resonance spectroscopy has been used to quantify P composition in a variety of manures (e.g., Turner and Leytem, 2004) , which allows multiple compounds to be quantified simultaneously with minimal sample preparation and handling. This indicated that in many cases manure P is predominately inorganic phosphate, with smaller amounts of phosphate monoesters, phospholipids, pyrophosphate, DNA, and in some cases phosphonates. The phytic acid (myo-inositol hexakisphosphate) content of manures ranges from non-detectible in many ruminants and in some monogastric animals up to 80% in manures from monogastrics fed corn based diets.
In most cereal grains, P is present primarily as phytic acid. Mono-gastric animals are inefficient in utilizing phytic acid because they do not possess the digestive enzyme phytase that is required to hydrolyze the phytic acid molecule. Mineral phosphate supplements are commonly added to mono-gastric diets to prevent P deficiency, although this can lead to high P concentrations in manure, which accumulates in soil and can contribute to the pollution of water bodies. To address this, strategies involving dietary manipulation are being widely adopted to reduce P concentrations in manures. For monogastric animals that cannot digest phytic acid, such strategies include the isolation of mutant grains having low phytic acid concentrations and supplementation of animal diets with microbial phytase to increase phytic acid hydrolysis in the gut. In addition to reducing the concentrations of P in manure, dietary modification is expected to influence manure P composition, which may have implications for the environmental fate of manure P. Compared with inorganic P, which is relatively soluble in manure, phytic acid reacts strongly in soils to form insoluble complexes that are unlikely to be lost in runoff. Attempts to modify the P composition in manure through dietary manipulation could therefore affect the risk of P transfer in runoff to water bodies. Maguire et al. (2004) examined the impact of phytase addition to poultry diets on P forms and solubility in litter and litter amended acidic soils. They found no consistent trends in P solubility of manure amended soils when manures were applied at the same total P rate, suggesting that dietary modification has little effect on extractable P in these soils. Although the range phytic acid in the manures applied to the soils was large (26-56% of total P), there was not a response in P solubility to these differences in added phytic acid. Leytem and Westermann (2005) found a negative relationship between water soluble (r 2 =0.38) and bicarbonate extractable P (r 2 =0.69) and the amount of phosphate monoesters applied to a calcareous soil. Although it appears as if the organic P fraction impacted extractable P, the amount of C added with the manure treatments was a better predictor of increases in soluble P with manure additions. For poultry manures with a range of phytic acid contents (2-80%), I recently found a negative relationship between added phosphate monoesters and bicarbonate extractable P in the calcareous soils (r 2 = 0.63), but no significant relationship for acidic soils. When manures having similar C:P ratios were considered separately (to eliminate the effect of added C), the relationship between both phosphate monoesters and phytic acid additions and increases in bicarbonate extractable P improved (r 2 = 0.75) for the calcareous soils, while there was still no significant relationship for the acidic soil.
It has been demonstrated that the amount of inositol phosphate excreted by animals is dependent both on species and diet. While these differences could potentially impact P retention in soils, and therefore affect P losses from soils, there does not seem to be conclusive evidence suggesting that differences in inositol phosphate concentrations are the dominant factor affecting P solubility in manure amended soils. In many cases other manure properties such as the C:P ratio have a greater influence than the inositol phosphate content of the manures.
